Abstract This paper demonstrates Pseudomonas cepacia lipase catalyzed hydrolysis of p-nitrophenyl palmitate under irradiation of light with wavelengths of 250-750 nm. The reaction follows Michaelis-Menten Kinetics and the light irradiation increases the overall rate of hydrolysis. Using Lineweaver-Burk plot K M and V max values for the reaction in presence of light are found to be 39.07 and 66.67 mM/min/g, respectively; while for the same reaction under dark condition, the values are 7.08 and 10.21 mM/ min/g. The linear form of enzyme dependent rate of reaction confirms that no mass-transfer limitations are present and the reaction is a kinetically controlled enzymatic reaction.
Introduction
The lipase has been extensively studied in hydrolysis reactions of oils and fats in numerous dimensions due to its activity, enantioselectivity, and chemoselectivity [1] [2] [3] . Because of its high specificity, enhanced yield, mild reaction conditions, and the less use of chemicals, lipase catalyzed hydrolysis reaction is attractive to the industries.
However, due to the high cost and relatively low reaction rates its industrial applications have not been broadly implemented [4] [5] [6] . Researchers have been exploring the means to increase the rate of the reaction by optimizing various parameters and methods, such as enzyme immobilization, solvents, temperature, pH, and water content of enzymes from different sources. For instance, Soumanou and Bornscheuer found that three stepwise addition of methanol to oil ratio in successive manner have significant effect on the reaction catalyzed by R. miehei and T. lanuginosa lipases [7] . Iso et al. showed for temperature optimized reaction under P. fluorescens catalyzed ethyl oleate at temperature range of 30-50°C [8] while for T. lanuginosa IM lipase catalyzed reaction by Xu et al. showed that T. lanuginosa IM lipase has temperature range between 30 and 40°C and further increase in reaction temperature has no effect on reaction velocity [9] . According to Dossat et al. [10] enzyme catalyzed reaction in solvent free systems and in n-hexane shows significant different due to adsorption of glycerol on enzyme supporting material leads to hydrophilic hindrance for the lipid transport.
Activities of various enzymes have also been studied under the influence of light. In 1986, Ljerka Purec et al. showed that the hydrogenase activity of Proteus vulgaris could be enhanced by the irradiation of light with a wavelength of 253.7 nm. It has been found that light stimulation is irreversible reaction and the catalytic activity increases due to the conformational changes in enzyme [11, 12] . Later in 2003, Maciej Fiedorowicz et al. modified this light induced enzyme activity to study the effect of polarized and non-polarized visible light on hydrolysis of a-amylase. The authors showed that the conformational changes of a-amylase happened when the protein was illuminated with visible polarized and non-polarized light [13] [14] [15] . Despite extensive studies on enzymatic activity of lipases on hydrolysis and esterification by varying different factors, as stated earlier, to find optimum conditions for highest activity, no studies have been reported so far on the effect of light on their activity.
Therefore, the objective of the study is to investigate the effect of light on enzymatic activity of lipases in hydrolysis reactions. As the use of p-nitrophenyl palmitate (p-NPP) in lipase activity studies is well established [16] and the crystal structure of P. cepacia lipase is available [17] , in the present work, we have studied the hydrolysis of p-NPP by P. cepacia lipase, immobilized on sol-gel support, in presence of visible light. On the basis of the crystal structure of the enzyme, a possible mechanism of the reaction has been proposed and the effect of the light has been discussed.
Materials and methods

Materials
P. cepacia lipase immobilized on chemically inert, hydrophobic sol-gel support was purchased from Sigma Aldrich (Switzerland). Ethanol, Oleic acid with an approximate purity of 99 % and HPLC grade hexane were supplied by Fisher Scientific (Loughborough, UK). p-NPP, p-nitrophenol (p-NP), Triton-X100, arabic gum and phosphate buffer were from Aladdin Chemical, Shanghai, China. All chemicals, if not specified otherwise, were of analytical grade.
Hydrolytic activity assay of P. cepacia lipase
The hydrolysis of p-NPP catalyzed by P. cepacia lipase both under dark and in presence of light was conducted using the method followed by Pencreac'h and Baratti, 1996. p-NPP solutions with different concentrations were prepared in isopropanol. Nine milliliters of 50 mM TrisHCl buffer with pH 8.0, containing 0.4 % (w/v) Triton X100 and 0.1 % (w/v) arabic gum as emulsifier was added to each 1 ml solution of various p-NPP concentrations. Reaction was started by adding 50 mg of P. cepacia enzyme to reaction medium. One milliliter of reaction mixture was withdrawn at regular time intervals to measure the absorbance by setting 50 mM Tris-HCl buffers as blank. The absorbance (A 403 ) of p-NP released was measured using U1800 UV-vis single beam spectrophotometer. The spectrum was captured from 300 to 500 nm using UV solution 2 software. The concentration of p-NP released was determined using reference curve. One enzyme unit was defined as 1 lmol of p-NP enzymatically released from the substrate per minute [18] . Further, the effect of enzyme concentration was experimented to determine the mass transfer limitation. All the experiments were repeated three times and the standard deviations of the calculated values are reported in Tables 1 and 2 .
Results discussion
UV-spectrophotometer spectra
The absorption spectra of p-NP were measured at wavelength range of 300-500 nm as shown in Fig. 1 . The absorbance readings of p-NP production for p-NPP concentration from 0.1 to 1.0 mM were taken at 403 nm (lambda max) as shown on spectrum above. The concentration of p-NP produced for each experiment was monitored using UV-Vis spectrophotometer. The amount of p-NP produced both in presence of light and under dark condition was determined from a standard curve generated using standard p-NP. As the higher concentrations of p-NP give the absorbance values that deviate from Beer-Lambert law, higher concentrations of p-NPP were not used in the present studies.
p-NP production under dark and light conditions
Hydrolysis of pNPP catalyzed by P. cepacia lipase was investigated using 50 mg of enzyme and the p-NP liberated was measured at different time points using various initial concentrations of p-NPP (0.1-1.0 mM) as shown in Fig. 2 . The rates were calculated using equation (Eq. 1) The amount of p-NP produced at different time points was calculated from the linear equation derived from the standard curve constructed using standard p-NP solutions as mentioned above. As shown in Fig. 2 , the amount of p-NP produced at any time, except starting point, during the reaction is always higher under light condition compared to the amount under dark condition for all same initial concentrations of p-NPP examined. For the same initial p-NPP concentration, the higher amount of the product in presence of light suggests that light with frequencies between 250 and 750 nm increase the overall reaction rate. The initial rates of hydrolysis measured using 0.10, 0.25, 0.50, 0.75, and 1.0 concentrations of p-NPP are shown in Table 1 . The rate was calculated using the three point differentiation formula (Eq. 1) as shown below for equally spaced data point Dt = t 1 -t 0 = t 2 -t 1 where, C P0 represents the initial concentration of p-NP, C P1 represents concentration of p-NP at minute 1 and C P2 at minute 2 (Table 1 ) [20] . 
As expected, the rate of the reaction increases with substrate concentration. When compared the rates of the reactions with same initial concentrations under light and dark conditions, it is evident that the rate in presence of light is always higher than that of under dark condition.
The general nature of product amount vs. time plots indicates that the reaction followed Michaelis-Menten Kinetics (Fig. 2) and Lineweaver-Burk plots for both light and dark condition reactions were also found to be linear (Fig. 3) under these conditions. Therefore, on the basis of Michaelis-Menten equation (Eq. 2) and using Lineweaver-Burk plots, kinetic parameters K M and V max were calculated (Table 2) .
As shown in Table 2 , the values of K M and V max of the enzyme in this hydrolysis reaction in presence of light are higher than that of under dark condition. In presence of light, the higher K M and V max values might be the indication of relative-easiness of formation the enzyme-substrate complex at the rate determining step. However, no experimental evidence supporting this statement has yet been produced. Although exploring the exact significance of these kinetic parameters is beyond the scope of the present study, it is evident that in this study V max of the enzyme is at least six times higher in presence of light than that of under dark condition.
Effect of enzyme concentration
When the hydrolysis was carried out using constant initial concentration of p-NPP but varying enzyme amounts, the rate of the reaction increased with the enzyme amounts, as shown in Figs. 4 and 5. As the enzyme concentration is a limiting factor in determining the rate of the reaction in this case, the rate increases linearly with the amount of enzyme (Fig. 5) . When compared the rates under dark condition with the rates in presence of light, it is apparent that when other conditions remain the same for both cases, the rate of the reaction in presence of light was higher compared to that of reaction under dark condition. The linear form of enzyme dependent rate of reaction confirms that no masstransfer limitations are present and the reaction is a kinetically controlled enzymatic reaction.
The crystal structure of P. cepacia lipase was reported by Kim et al. [17] . The authors showed the enzyme has structural similarities with other lipases; particularly the commonalities of presence of Ser-His-Asp catalytic triad, an oxyanion hole, and the opening of a helical lid. However, the structure differs from its homologous lipases from P. glumae and C. viscosum in terms of conformational states. The structures of P. glumae and C. viscosum lipases show closed conformation in which the active site is buried under a closed or partially closed lid. On the other hand, the structure of P. cepacia lipase shows a highly open conformation with readily accessible active site. This open conformation allows easy access of light, solvent, and substrate molecules to the active site. As the enzyme has a catalytic triad comprising of residues Ser87, His286, and Asp264, a mechanism of p-NPP hydrolysis is proposed on the basis of a well-established mechanism [19] as shown in Scheme 1.
As described in Scheme 1, the hydrolysis of p-NPP involves eight steps. Among them step 2 and step 6, in which tetrahedral intermediates are formed, are thought to be the crucial steps in determining the kinetic nature of the reaction. The overall rate of the reaction is determined by one of the two steps. As the production of p-NP, which is release in step 4, was monitored in this study to determine the rate, step 2 is considered the rate determining step. Because among the steps 1-4, step 2 is the slowest step involving the formation of tetrahedral intermediate bearing a formal negative charge on the oxygen atom derived from the carbonyl group. The tetrahedral intermediate is formed by serine residue and p-NPP substrate, while hydrogen is transferred to histidine residue. This hydrogen transfer process may be facilitated in presence of light. Although free histidine amino acid does not absorb lights with frequencies 250-750 nm in significant amount, it might do so in the electronic environment of the active site where histidine is held in position by two hydrogen bonds and under the electronic influence of other molecular entities. However, any experimental evidence favoring this statement remains to be produced. Because of the absorption of light, the electron lone pair on histidine-nitrogen could move to higher energy level resulting into facilitated passing through transition state of the process of forming a covalent bond between histidine-nitrogen and hydrogen from serine. As the formation of the tetrahedral intermediate is the rate determining step under the experimental condition and the intermediate formation is favored by the presence of light, the rate increases when the reaction is run in presence of light compared to the rate when it is run in absence of light.
Conclusion
In the present paper, the effect of light irradiation with wavelengths of 250-750 nm on P. cepacia lipase catalyzed hydrolysis of p-NPP has been investigated. The kinetic data are fitted with Michaelis-Menten Kinetic model and the kinetic parameters are evaluated. The study reveals that the rate of hydrolysis can be accelerated in presence of light irradiation. Based on the known structure of P. cepacia a possible mechanism for enhanced activity is discussed. As the lipase catalyzed hydrolysis reaction is attractive to the industries, finding optimum condition for the catalyst is the current challenge and research trend in biocatalyst field; therefore, enhancing the efficiency of the lipase using light could be a means to face this challenge. To conclude, light induced enzymatic p-NPP hydrolysis is a feasible and interesting method to increase enzyme catalyzed reaction rate. Thus, these data will be worthwhile initiator for further studies of light stimulated enzymatic reactions.
